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Abstract
The aim of our work is to model physically the material of the biosensor-type FET (Field Effect Transistor) using
drift diffusion model. This latter is given in the form of differential equations with partial derivatives, describing the
physical behavior of charges and currents in each part of the device. Then we exploit our modeling results such as:
the electronic properties of a FET (Field Effect Transistor)-based silicon, distribution of electronic potential, the
current density and the concentration of electrons and holes.
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1. Introduction
The biosensor-type FET (field effect transistor) is electrochemical biosensor [1], due to this device; we can
analyze the constituents of blood; urine or tissue samples... It is an analytical device that transforms the biochemical
phenomenon into a measurable signal [2]. It composed by two contact source and drain, and deposited on a silicon
substrate covered by a thin layer of gate oxide.
In this paper, we study the FET by a physical simulation. The physical mechanisms analysis which govern this
device behavior make the object of many studies.  To understand its operating, it exists, henceforth an inescapable
stage: it is the simulation stage. The simulation of studied FET transistor is done using a program written in
MATLAB. The basic idea was the direct resolution of semiconductors equations in permanent system (static) in a
more or less simplified form with finite differences or finite elements method. The solution technique is based on the
SCHARFETTER and GUMMEL approach [3] where each equation is solved sequentially and has the advantage of
reducing the memory, as opposed to the combined algorithm based on NEWTON-RAPHSON where two equations
are solved as a single equation.
We introduce the first physical models adopted and then we will present the results and discussion.
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2. Modeling
Device modeling based on the consistent solution of the fundamental semiconductor equation dates back to the
famous work of Gummel in 1964[4]. The well known fundamental semiconductor equations consist of Poisson’s
equation (1), continuity equations for electrons and holes (2), (3) and the current relations for both carrier types (4),
(5):
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Where
   : permittivity of semiconductor,

 : electrostatic potential,
q
 : electronic charge elementary,
n (p) : density of electrons (holes),
C
 : number of ionized impurities,
RG
 : rate of generation-recombination of free carriers,
nJ
 )( pJ

: current densities electrons (holes),
E  : electric field ,
With pand  n the mobility of carriers and pn DaD nd the diffusion coefficients, connected by the Einstein
equation.
The boundary conditions associated with the previous equations are Dirichlet types.
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With
00 , np : initial concentrations of holes and electrons respectively.
0  : sum of the potential and the potential heat applied to the ohmic contacts,
n

:  direction x, y
The model study of semiconductor devices enabled us to describe the internal movement of the charges, following
a well precise geometry and building technology based on doping. It is enough to model the physical parameters
which are included in the simulation.  The doping profile C for this device is obtained by ion implantation.
0RELOLW\ȝnDQGȝp are simulated using the model of Caughey and Thomas [5] considering the influence of ionized
impurities at 300 K. it concerns the Schockley-Read-Hall recombination and Auger recombination [6].
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3. Result and Discussion
In this section we want to present the simulation of the transistor FET. We solved the equations system (1), (2) and
(3), using the method of finite differences in two dimensions [7], which remains a flexible and general technique for
analyzing various geometrical configurations and electrical transistor FET. Thus the MATLAB software is designed
to characterize the transistor FET by determining the spatial distributions of electric potential, concentrations of
electrons and holes and current density of electrons and holes. The simulation program developed was applied to
silicon based transistor FET. The superficial of this device is (0.3x0.3) μm2. A substrate doping is 1012cm-3 and a
source-drain doped by implantation with Phosphorus. An implantation dose of 1020cm-2 and implantation energy of
4.4 KeV is used, a channel doped by Boron with a dose of 1015cm-2 and a energy of 3 KeV is used. We choose a drain
voltage of 2.5V, source voltage of 0.5V gate voltage of 1.5V and bulk voltage of 0.5V.
Figure 1: Doping concentration (cm-3)
Figure 1 shows the doping density distribution in the transistor FET based of silicon material. The surface
concentration of the source and drain regions is 2×1021 cm-3. The effective channel length is reduced by the lateral
subdiffusion to about 0.14 μm. Figure 2 shows the distribution of the electric potential. The drain contact is on the
right-hand side. In the depletion regions of the reverse-biased drain bulk diode, the potential decreases approximately
linearly and it is nearly constant in the highly doped source and drain regions. A slight barrier is visible at the source
channel diode. Figure 3and 4 show the density distribution of electrons and holes respectively. We observe in these
figures that the electron density is high in drain and source but it is slight in channel, and holes density is high in
channel and slight in drain source. Due to the electrons density and holes density, we can calculate the generation-
recombination rate shown in (figure 5). The distribution of absolute value of the electrons and holes current densities
is given in figure 6 and 7 respectively.
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Figure 2: Electric potential distribution (V)
Figure 3: Electrons density distribution (cm-3)
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Figure 4: Holes density distribution (cm-3).
Figure 5: Generation/ recombination rate (cm-3)
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Figure 6: Electron current density (Acm-2)
Figure 7: Hole current density (Acm-2).
4. Conclusion
In this paper we gave a numerical method to analyze the functioning in FET transistor. Our model is based on the
consistent solution of the basic semiconductor equations. Thanks to the simulation program developed in MATLAB
software, we simulated the FET transistor based on silicon material in two dimensions. We determined the spatial
distribution of doping concentration, electric potential, the carriers density as well the carriers current density.
This work enabled us to create a starting of semiconductor devices simulation with the drift-diffusion model.
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